Introduction
Microsatellite instability (MSI) is characterized by length mutations in tandem oligonucleotide repeats. This type of mutation occurs in a large subset of human tumors [1] , and is believed to be caused by altered DNA mismatch repair (MMR) [2] . With regard to MMR genes, it is known that hypermethylation of the hMLH1 MMR gene promoter diminishes the expression of this enzyme in human tumors [3] . Such hypermethylation of hMLH1 is strongly associated with MSI in gastric cancers [4] , and loss of hMLH1 expression is, in fact, extremely frequent in MSI-positive gastric cancers [5] .
Several reports have indicated that it is possible to analyze the phenotypic expression of each gastric cancer cell using gastric and intestinal epithelial cell markers, independent of the histological classification [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . Endoh et al. [16, 17] demonstrated a high prevalence of MSI in differentiated-type gastric tumors showing distinctive features of gastric foveolar epithelium, which are prone to loss of their glandular structure and progression to undifferentiated-type tumors [18] , whereas, Shibata et al. [19] found no relation between MSI and the phenotype in early differentiated gastric carcinomas. However, to our knowledge, there have been no studies analyzing the links between MSI and the stages and histological types of gastric cancer, in terms of gastric and intestinal phenotypic expression.
In this study, we therefore analyzed hMLH1 expression by immunohistochemistry, in 70 advanced and 30 intramucosal gastric cancers. Histological evaluation was done by hematoxylin and eosin (H&E) staining, and assessment of the phenotype was carried out by immunohistochemistry. In addition, the MSI status was examined in 20 cases to allow comparisons of the phenotypic expression along with cancer progression.
Patients, materials, and methods

Samples and tissue collection
We examined 70 primary advanced and 30 intramucosal gastric cancers surgically resected at Aichi Cancer Center Hospital between 1994 and 2000 [12, 13] . Of the 70 patients with advanced gastric cancers, 41 were men and 29 were women; they ranged in age from 32 to 84 years (mean, 61.8 ± 10.5 years). The lesions comprised 32 differentiated and 38 undifferentiated-type cancers, the former found in patients ranging in age from 52 to 84 years (mean, 62.7 ± 10.1 years) and the latter in individuals aged from 32 to 83 years (mean, 61.1 ± 10.9 years). Of the 30 patients with intramucosal gastric cancers, 20 were men and 10 were women; they ranged in age from 23 to 74 years (mean, 59.5 ± 11.2 years). The lesions comprised 16 differentiated and 14 undifferentiated-type cancers, the former found in patients ranging in age from 44 to 74 years (mean, 62.8 ± 8.1 years) and the latter in individuals aged from 23 to 72 years (mean, 55.9 ± 13.2 years). Histological classification was made according to the Japanese classification of gastric carcinomas [20] . In the patients with advanced disease, the cancers had invaded the subserosa (ss) or the serosa and the peritoneal cavity (se), including the adjacent organs (si). Informed consent for our study was obtained from all participating patients before surgery.
Within 30-40 min after removal of the stomach, the carcinoma tissues and the adjacent non-neoplastic mucosa were carefully sampled, cut into 5-mm squares on ice, and frozen at -80°C for later DNA extraction. Portions of the sampled tissues were fixed in 10% buffered formalin and then processed to paraffin sections for the confirmation of carcinoma and adjacent non-neoplastic mucosa in hematoxylin-eosin stained sections.
Immunohistochemistry
Immunohistochemical staining of the paraffin sections was carried out with monoclonal antibodies against the following antigens: hMLH1 (G168-15; 1 : 200, PharMingen, San Diego, CA, USA); Cdx2 (CDX2-88; 1 : 50, BioGenex, San Ramon, CA, USA); MUC5AC (CLH2; 1 : 500, Novocastra Laboratories, Newcastle upon Tyne, UK); MUC6 (CLH5; 1 : 500, Novocastra Laboratories); MUC2 (Ccp58; 1 : 500, Novocastra Laboratories); and villin (12; 1 : 20 000, Transduction Laboratories, Lexington, KY, USA). With regard to gastric phenotypic markers, we used normal gastric mucosa and normal ileum as positive and negative controls, and used these in reverse for the intestinal phenotype. The precise procedures for immunohistochemical techniques were as previously described [8, [11] [12] [13] 21, 22] . Briefly, 4-mm-thick consecutive sections were deparaffinized and hydrated through a graded series of alcohols. After the inhibition of endogenous peroxidase activity by immersion in 3% H 2 O 2 /methanol solution, antigen retrieval was conducted, for the detection of binding of the above-mentioned antibodies, with 10 mM citrate buffer (pH 6.0) in a microwave oven for 10 min at 98°C. Sections were incubated with primary antibodies, thoroughly washed in phosphate-buffered saline (PBS), then incubated with biotinylated secondary antibody, followed by treatment with avidin-biotinylated horseradish peroxidase complex (Vectastain Elite ABC kit; Vector Laboratories, Burlingame, CA, USA). Finally, immune complexes were visualized by incubation with 0.01% H 2 O 2 and 0.05% 3,3¢-diaminobenzidine tetrachloride (DAB). Nuclear counterstaining was accomplished with Mayer's hematoxylin.
Two independent pathologists (T.M. and T.T.) judged the histology and immunohistochemical staining for the phenotypic markers, Cdx2 and hMLH1. The results of staining for each antibody were evaluated in terms of the percentage of positively stained cancer cells, with 10% and above considered positive, as previously described [11] [12] [13] 22, 23] .
Classification of cancers
MUC5AC and MUC6 are markers of the gastricepithelial cell phenotype, whereas MUC2 and villin are typical of the intestinal-epithelial cell phenotype [8, [11] [12] [13] 21] . Gastric cancers in which more than 10% of the section area consisted of either gastric or intestinal epithelial cell phenotype were classified as gastric (G type) or intestinal (I type) phenotype cancers, respectively. Those which showed both gastric and intestinal phenotypes were classified as gastric and intestinal mixed phenotype (GI type) cancers, while those showing neither gastric nor intestinal phenotype expression were grouped as null type (N type) [11] [12] [13] .
Microsatellite analysis
We screened for MSI using the primer set BAT-26, which amplifies 26 adenine-mononucleotide repeats in the fifth intron of the hMSH2 gene. It is more than 99.5% sensitive for detecting MSI-positive (MSI +) tumors, including gastric cancers [16, 17, [23] [24] [25] [26] [27] . Genomic DNAs from frozen tissues were isolated with a DNeasy Tissue Kit (Qiagen, Hilden, Germany). Primers specific for each locus were used to amplify the DNA pairs prepared from tumors and adjacent non-neoplastic mucosa by polymerase chain reaction (PCR). PCR was performed with Titanium Taq PCR kits (Clontech Laboratories, Palo Alto, CA, USA) for 1 cycle of 95°C for 2 min, followed by 30 cycles consisting of a denaturation step at 94°C for 45 s, an annealing step at 57°C for 45 s, and an elongation step at 72°C for 60 s, in the presence of 0.2 mCi of [ 32 P]-dCTP, according to the manufacturer's instructions. A final elongation at 72°C for 7 min followed. PCR products were electrophoresed in a denaturing 6% polyacrylamide gel, containing 8 M urea, at 90 W for 1.5 h [22, 23, 28, 29] . The gel was then dried on filter paper and subjected to imaging [30] . Bands of abnormal molecular weights of tumor DNA, not observed in background mucosa, were designated as MSI + [16, 26] .
Statistical analysis
The data were analyzed by Fischer's exact test or the c 2 test for differences between groups. Survival curves after surgery were drawn using the Kaplan-Meier method. Statistical comparison of survival was performed using the log-rank test. P values of less than 0.05 were considered statistically significant.
Results
Classification of gastric cancers histologically and phenotypically
The 70 advanced gastric cancers were classified histologically as 32 differentiated and 38 undifferentiated lesions. The former were clearly subclassified as 8 G, 7 GI, 10 I, and 7 N types phenotypically, using the gastric and intestinal epithelial phenotypic markers (Table 1) . Similarly, the 38 undifferentiated cancers could be clearly classified as 8 G, 11 GI, 8 I, and 11 N types, on the basis of their phenotype (Table 1) .
In the 30 intramucosal cases, the cancers were classified histologically as 16 differentiated and 14 undifferentiated lesions. The former were clearly subclassified phenotypically as 2 G, 8 GI, 5 I, and 1 N types (Table 2) . Similarly, the 14 undifferentiated cancers were clearly classified as 8 G, 3 GI, 1 I, and 2 N types on the basis of their phenotypic expression ( Table 2 ).
The expression of hMLH1 in advanced gastric cancers
Fifty-seven (81.4%) and 13 (18.6%) advanced gastric cancers were judged to be hMLH1-positive and hMLH1-negative, respectively (Table 1) . Histologically, the hMLH1-negative lesions were divided into 9 differentiated and 4 undifferentiated types, with no statistically significant link to differentiation, although a trend was suggested (P = 0.072). Phenotypically, the hMLH1-negative cases were classified as 4 G, 1 GI, 5 I, and 3 N types ( Figs. 1 and 2 ), again with no significant association with differentiation (P = 0.32). Classified based on structure of carcinomas. "Differentiated" includes tubular and papillary types, while "undifferentiated" consists of signet-ring cell and poorly differentiated types
The expression of hMLH1 in intramucosal gastric cancers
Twenty-five (83.3%) and 5 (16.7%) intramucosal gastric cancers were judged to be hMLH1-positive and hMLH1-negative, respectively (Table 2) . Histologically, all 5 hMLH1-negative lesions were differentiated type, with none of the hMLH1-negative lesions being undifferentiated (***P < 0.05 differentiated vs undifferentiated type; Table 2 ). In the differentiated cases, the expression of MUC5AC, a gastric foveolar phenotypic marker, was judged to be positive in all 5 hMLH1-negative lesions, and positivity for MUC5AC tended to be higher in the G+GI phenotypes than in the I+N counterpart, although the difference did not reach statistical significance (**P = 0.09; Table 2 ). In other words in the G+GI phenotypes, there were significantly more hMLH1-negative cases of the differentiated type than of the undifferentiated type (*P < 0.05; Table 2 ).
MSI status in advanced gastric cancers
To cast light on the mismatch repair system, BAT-26, a microsatellite indicator of mononucleotide repeats, was used as a marker for MSI + (Fig. 3) . We analyzed the MSI status in 5 hMLH1-negative and 15 hMLH1-positive cases. Data on MSI status, hMLH1 expression, and Cdx2 expression are shown in Table 3 . All 5 MSI + cases demonstrated loss of hMLH1 expression (P < 0.0001). No association was observed between MSI and the histological type or the phenotype. The expression of MUC5AC as a gastric foveolar phenotypic marker was judged to be positive in cases 1 and 4. Less than 10% of the section area exhibited MUC5AC in cases 2, 3, and 5. Cdx2 nuclear staining was not associated with the MSI status.
Postoperative survival analysis of patients with gastric cancer with reference to hMLH1 expression and MSI status
On Kaplan-Meier analysis, the patients with advanced gastric cancers who were hMLH1-negative had a better outcome than those in hMLH1-positive group, but the difference was not significant (P = 0.14; Fig. 4 ). The MSI status was not linked with patient survival (data not shown).
Discussion
Our present data demonstrate that a strong association was observed between MSI + and loss of hMLH1 in advanced gastric cancers, as previously described [4, 5] , but there was no link between MSI, histological type, The hMLH1-negative patients (continuous line; n = 13) had a better outcome than the hMLH1-positive group (dotted line; n = 57), but the difference was not significant (P = 0. 14) and phenotype in the advanced gastric cancers. Shibata et al. [19] , similarly, found no relationship between MSI and phenotype in differentiated gastric carcinomas, although Endoh et al. [16, 17] reported an association with gastric foveolar phenotypic expression. This different result may be due to differences between the studies in the stages of gastric cancers examined. We separately evaluated intramucosal cancers and advanced cases invading beyond the subserosa in depth, while most of the cases analyzed by Endoh et al. [16, 17] were intramucosal lesions. In fact, in their study, of 17 early differentiated gastric cancers of the gastric foveolar type, 12 (70.6%) were judged to be MSI +, while in 6 advanced differentiated gastric cancers of the gastric foveolar type, only 1 case (16.7%) was judged to be MSI +, suggesting the lack of a relationship between MSI + and phenotype in advanced cases [17] . Regarding the I type, they found that, in 11 differentiated gastric cancers, only 1 case with submucosal invasion (9.1%) was MSI + [17] . Our data showed that, in the differentiated advanced gastric cancers, 2 (25%) and 1 (14.3%) of the 8 G and 7 GI types, respectively, were judged to be hMLH1-negative, while in 10 differentiated advanced gastric cancers of I type, 4 cases (40%) were hMLH1-negative (Tables 1 and 3 ). In addition, of our 2 G and 8 GI intramucosal differentiated-type gastric carcinomas, 2 (100%) G and 3 (37.5%) GI cases had loss of hMLH1. All 5 hMLH1-negative cases had MUC5AC expression, suggesting an association between gastric foveolar phenotypic expression and MSI. No hMLH1-negative lesions were observed in the intramucosal differentiated gastric cancers of I type. It is well-known that human gastric cancers at an early stage, independent of the histological type, mainly consist of gastric-phenotype malignant cells, while their advanced counterparts tend to have more intestinal-phenotype malignant cells, suggesting a phenotypic shift from gastric to intestinal phenotypic expression during the course of tumor progression [6, 8, 10, 14, 31, 32] . Thus, our data support the hypothesis that some MSI-positive differentiated gastric cancer cells featuring gastric foveolar phenotypic expression may easily change, phenotypically from gastric to intestinal phenotypic expression with progression. However, further studies of a larger number of intramucosal and submucosal/advanced differentiated gastric cancer cases may be needed to clarify any association between the phenotype and MSI/loss of hMLH1.
Our data also demonstrated no relationship between MSI + and histological type in the advanced gastric cancers, while a significant association was observed between differentiated type and loss of hMLH1 in the intramucosal gastric cancers. We need to consider changes in the features of gastric cancer cells with progression, from the viewpoint of the histological type. Regarding the histological type, Endoh et al. [18] have presented evidence that certain differentiated-type gastric carcinomas possess the features of gastric foveolar epithelium, and these are prone to progress to undifferentiated-type carcinomas through the loss of Ecadherin function. Kushima and Hattori [9] have also shown a close relationship between differentiated-type carcinomas with a predominant gastric foveolar epithelial phenotype and progression to undifferentiated type. Of 38 advanced undifferentiated gastric cancers in our study, 4 were judged to be hMLH1-negative (Table  1) . Of 5 MSI + cases, 2 were undifferentiated type (Table 3 ). However, in 14 intramucosal undifferentiated gastric cancers, no hMLH1-negative lesions were observed. We therefore consider the possibility that some MSI-positive differentiated gastric cancers of gastric foveolar phenotypic expression may change from differentiated to undifferentiated type histologically with progression.
Hinoi et al. [33] have reported that loss of Cdx2 expression and MSI are prominent features of large-cell minimally differentiated carcinomas of the colon. However, we could find no relationship between the MSI status and Cdx2 expression in advanced gastric cancers. Similarly, no association was observed between the expression of hMLH1 and Cdx2. Also, we and others have noted a strong association between Cdx2 nuclear staining and intestinal phenotypic expression, independent of the histological type, in gastric cancers [11] [12] [13] 34] . Thus, we consider that altered DNA mismatch repair may have no influence on the intestinal phenotype, including Cdx2 expression, in gastric cancers.
Our data have shown that, in patients with advanced gastric cancer the hMLH1-negative patients had a better outcome than the hMLH1-positive group, but the difference was not significant (P = 0.14; Fig. 4 ). Gastric cancers of microsatellite mutator phenotype had a good prognosis, shown by multivariate analysis [35] . A univariate analysis showed that gastric cancers of microsatellite mutator phenotype showing altered loci had a better prognosis than those showing two or fewer altered loci [36] . Thus, altered DNA mismatch repair may be linked with the prognosis of gastric cancers.
Intestinal metaplasia (IM) is widely thought to be a precancerous lesion for differentiated-type gastric cancers. However, previous studies of the phenotypic expression of individual intestinal metaplastic or stomach cancer cells have pointed to several contradictions to the prevailing paradigm [6] [7] [8] [9] [10] 13, 37, 38] . With regard to MSI analysis, Tamura et al. [39] have shown that the majority of differentiated adenocarcinomas of the stomach may develop through a de-novo pathway, from the viewpoint of microsatellite alterations. Endoh et al. [16] also made it clear that the genetic backgrounds of differentiated-type tumors were quite different among different cellular phenotypes. Frequent MSI and infrequent p53 mutation are observed in tumors of gastric foveolar phenotypic expression, and conversely, infrequent MSI and considerable p53 mutations are detected in tumors with a distinct intestinal cellular phenotype [16] . MSI occurs not only in gastric IM of patients with gastric carcinoma, but also in IM of cancer-free individuals [28] . However, Jin et al. [26] have reported that instability of BAT-26, a sensitive marker for the highfrequency MSI phenotype, was not found in intestinal metaplastic mucosa adjacent to any of a series of gastric carcinomas. Thus, further studies are clearly warranted to clarify whether IM is, indeed, a precancerous lesion.
In conclusion, our data support the hypothesis that, phenotypically, some MSI-positive differentiated gastric cancers of gastric foveolar phenotypic expression may, easily change from gastric to intestinal phenotypic expression, also changing, histologically from differentiated to undifferentiated type with progression.
